We present a preliminary determination of the CKM matrix element |V ub | based on the analysis of semileptonic B decays from a sample of 88 million Υ (4S) decays collected with the BABAR detector at the PEP-II e + e − storage ring. Charmless semileptonic B decays are selected using the electron energy E e and the invariant mass q 2 of the electron-neutrino pair. The neutrino momentum is inferred from a measurement of the visible energy and momentum in the detector and knowledge of the e + e − beam momenta. The partial branching fraction is determined in a region of the q 2 -E e plane where semileptonic B decays to charm are highly suppressed. The total charmless semileptonic branching fraction is extracted using a theoretical calculation based on the heavy quark expansion. Preliminary results yield |V ub | = (4.57 ± 0.21 ± 0.25 ± 0.34
INTRODUCTION
The study of the weak interactions of quarks has played a crucial role in the development of the Standard Model (SM), which embodies our understanding of the fundamental interactions. The increasingly precise measurements of CP-violating asymmetries in B decays allow stringent experimental tests of the SM mechanism for CP violation [1] via the non-trivial phase in the CabibboKobayashi-Maskawa (CKM) matrix. Improved determinations of |V ub |, the coupling strength of the b quark to the u quark, will improve the sensitivity of experimental tests of the SM description of CP violation.
Early determinations [2] of |V ub | were based on the study of the lepton momentum spectrum near the kinematic endpoint in semileptonic B decays, where the background from the dominant decay chain 6 b → ceν is kinematically forbidden. See Ref. [3] for more recent measurements using this method. This technique provides precise measurements of the partial branching fraction for lepton momenta 7 above ∼ 2.3 GeV/c, but accepts only ∼ 10% of the b → ueν rate, resulting in a substantial theoretical uncertainty in the determination of |V ub |. The major part of this uncertainty comes from limited knowledge of the "shape function" (SF), i.e. the distribution of the b quark momentum inside the B meson [4] . These uncertainties can be reduced by measuring the energy spectrum of photons from the decay b → sγ [4, 5] , but this is very challenging [6] .
Recently, measurements of |V ub | that use the invariant mass m X of the hadronic system in semileptonic B decays have appeared [7, 8] . The use of m X to select b → ueν decays results in a much higher acceptance (∼ 70%) of the decay rate. It is, however, experimentally challenging, since the association of particles with the semileptonic B decay is rendered difficult by the presence of the decay products of the B in the event. These measurements also have significant SF uncertainties.
In this analysis a new approach [9] is taken to the determination of |V ub |. Semileptonic B decays are selected using energetic electrons and simultaneously making requirements on q 2 , the invariant mass squared of the eν pair. The neutrino 4-momentum is reconstructed from the visible 4-momentum and knowledge of the e + e − initial state. The dominant charm background is then suppressed by selecting a region of the q 2 − E e phase space where properly reconstructed b → ceν events are kinematically excluded. The fraction of the b → ueν phase space accepted is ∼ 20%. The amount of background events remaining in the signal region due to resolution effects is evaluated in Monte Carlo simulations. The determination of |V ub | in this method is sensitive to the b quark mass through both the heavy quark operator product expansion [10] (HQE) and the SF, but has little sensitivity to Fermi motion as described below.
DATASET AND SIMULATION
The data used in this analysis were collected with the BABAR detector at the PEP-II asymmetricenergy e + e − storage ring between 2000 and 2002. The BABAR detector is described in detail elsewhere [11] . A sample of 81.4 fb −1 collected at the Υ (4S) resonance, corresponding to 88.4 million BB pairs, is used along with 9.6 fb −1 collected at center-of-mass energies approximately 40 MeV below BB threshold. The data below BB threshold, scaled in cross-section and luminosity, and whose particles are scaled in energy, are used to subtract the non-BB contributions from the data collected on the Υ (4S) resonance. Simulated BB events are used in estimating efficiencies and backgrounds. Branching fractions and form factors are taken from Ref. [12] in most cases.
Branching fractions for the semileptonic B decays to charm are adjusted as described below. The simulation of charmless semileptonic B decays is based on the model described in Ref. [13] , which calculates the triple differential decay rate to order α S and convolutes it with a shape function parameterized as
where k + is the residual b-quark momentum, to account for the non-perturbative interactions of the b quark within the B meson. We use [14] m SF b = 4.735 GeV/c 2 and a = 1.6. This model produces a spectrum of hadronic masses m X down to 2m π that does not contain any resonant states. Subsequent fragmentation of the mesons was simulated via JETSET [15] . Decays to lowmass hadrons (π, η, ρ, ω, η ′ ) are simulated separately, using the form factor model of Ref. [16] , and mixed with the non-resonant states in such a way as to keep the m X , q 2 and E e spectral distributions the same as in the inclusive model.
ANALYSIS METHOD
Events are selected based on the presence of an identified electron with energy E e > 2 GeV using the criteria given in Ref. [17] . Electrons from the decay J/ψ → e + e − are vetoed. The criteria given in Ref. [17] for selecting hadronic events and rejecting radiative Bhabha events are applied. Within these events the total visible 4-momentum p vis is determined using charged tracks emanating from the collision point, identified pairs of charged tracks from K 0 S → π + π − , Λ → pπ − and γ → e + e − , and energy deposits in the electromagnetic calorimeter. Each charged particle is assigned a mass hypothesis based on particle identification information. Only those calorimeter clusters unassociated with a charged track and which have a lateral energy spread consistent with photons are considered. Energy deposits due to long-lived neutral hadrons are not efficiently rejected by these criteria and are treated as coming from massless particles in the 4-vector sum. We form the missing 4-momentum p miss = p e + e − − p vis , where p e + e − is the 4-vector of the initial state. The 4-vector p ν = (P ν , |P ν |) is used as an estimate of the momentum of the neutrino from the decay b → ueν, where P ν is derived from P miss by applying a bias correction that was determined from Monte Carlo signal events. Additional requirements are made to improve the quality of the neutrino reconstruction and suppress contributions from e + e − →continuum events. Each event must satisfy (1) no additional identified leptons, (2) −0.95 < cos θ miss < 0.8, (3) 0.0 < E miss − |P miss |c < 0.8 GeV, (4) 0.0 < |P miss | < 2.5 GeV/c and (5) |P e · T| < 0.75 |P e | |T|, where θ miss is the angle of the missing momentum vector with respect to the beam axis, and T is the thrust vector for the event, excluding the signal electron candidate. The large background from b → ceν decays is then suppressed by calculating q 2 = (p e + p ν ) 2 and computing the maximum kinematically allowed hadronic mass squared, s max h , for a given E e and q 2 . In the case where
1∓β , the maximum invariant hadronic mass squared is
otherwise
where β = 0.06 is the boost of the B meson in the Υ (4S) frame. We require s max Figure 1 shows the distribution of generated b → ceν and b → ueν decays in the q 2 -E e plane and indicates the contour corresponding to s max h = m 2 D . The requirements for E e and s max h as well as criteria (1)- (5) were optimized to minimize the total (experimental and theoretical) uncertainty on B(b → ueν). Figure 2 , from which we find a mean (sigma) of 0.109 (0.433) GeV on data and 0.107 (0.427) GeV on MC, indicating that the missing energy from the other B decay is well modeled. The distribution of |P miss |, also shown in Figure 2 , is sensitive to both the modeling of the semileptonic b → ceν decays and of missing energy, and shows good agreement with the simulation.
The Deν control sample was also used to improve the modeling of the b → ceν decays as follows. A binned χ 2 fit in the variables |P D |, E e and cos θ B−De 8 is performed on the Deν sample after subtracting continuum and combinatorial background. (P-wave charm mesons) or B → D ( * ) πeν; the remainder comes from B → DD decays and from misidentified electrons. Updated branching fractions are obtained by requiring the total b → ceν branching fraction to equal the measured value [18] . The fit raises the branching fractions relative to those of Ref. [12] for B → Deν and B → D * eν and lowers the remaining contributions. Given the large uncertainty in the composition of the high mass charm states in semileptonic B decay, this procedure cannot be considered a measurement of the branching fractions, but rather a means of improving the simulation of inclusive quantities in b → ceν decays. We find an improved agreement between data and MC in kinematic distributions (E e , P miss , q 2 , s max h ) in the inclusive electron sample using the fitted branching fractions. These revised branching fractions are used to determine the b → ceν background in the inclusive electron sample.
The signal region E e > 2 GeV and s max h < 3.5 GeV 2 /c 4 was not examined until all selection criteria were fixed based on studies of simulated data and of control samples. Two control samples are used to reduce the sensitivity of the efficiency and background estimates to details of the simulation: (a) the Deν control sample described above; and (b) events satisfying the normal selection criteria but having s max h > 4.25 GeV 2 /c 4 (high-s max h sideband), a sample dominated by background. Efficiencies can be calculated, separately in data and MC, from the ratio of Deν candidates satisfying cuts (1)- (5) to the total number of selected Deν candidates having E e > 2.0 GeV. The sensitivity of the b → ueν signal efficiency to details of the simulation is reduced by multiplying it by the data/simulation ratio of Deν efficiencies. The high-s max h sideband is used to normalize the Monte Carlo s max h distribution to the data, reducing sensitivity to background normalization uncertainties. The total charmless semileptonic branching fraction is calculated as
where N data cand and N data side refer to the number of candidates in the signal and high-s max h sideband regions of the data after subtraction of non-BB contributions determined on data taken below the BB threshold, M MC bkg and M MC side refer to background in the signal region and the yield in the sideband region in simulated events, ǫ data Deν and ǫ MC Deν are the efficiencies calculated on the corresponding Deν samples, pseudo-efficiency of the event selection determined from the data and Monte Carlo Deν control sample events, N BB is the number of Υ (4S) → BB decays analyzed. The total efficiency times acceptance for b → ueν decays in the simulation is given by ǫ MC
where f u is the fraction of b → ueν decays generated in the signal region, and ǫ sig (ǫ sig ) is the efficiency for an event inside (outside) the signal region to be reconstructed and pass our selection requirements.
The effects of detector response and the boost of the B meson in the Υ (4S) frame are unfolded to produce a partial branching fraction that can be compared directly to theoretical calculations. We define
Whereas the extraction of the total branching fraction B(b → ueν) has a strong dependence on the signal modeling due to the theoretical uncertainty on f u , this dependence is suppressed in computing the unfolded partial branching fraction ∆B(b → ueν) since the ratio ǫ sig /ǫ sig ≈ 0.029 is much smaller than 1 (see Table 1 ). Figure 3 shows the electron energy and s max h distributions after cuts have been applied to all variables except the one being plotted. The yields and efficiencies are given in Table 1 ; these correspond to a branching fraction of 2.37 ± 0.22 (stat) ×10 −3 using Eq. 2. We calculate the partial branching fraction ∆B for E e > 1.9 GeV in the B rest frame, which corresponds to E e > 2.0 GeV in the Υ (4S) rest frame, and s max h (β = 0) < 3.5 GeV 2 /c 4 , unfolded for detector effects. We find ∆B(b → ueν) = 4.51 ± 0.42 (stat) × 10 −4 . 
17904 ± 81 9.18 ± 0.22 3.26 ± 0.03 0.095 ± 0.003 0.1907 ± 0.0002
SYSTEMATIC STUDIES
Systematic uncertainties are assigned for the modeling of the signal b → ueν decays and background decays, and the modeling of detector response. The leading sources of uncertainty are listed in Table 2 . Detector modeling for charged particle tracking, neutral reconstruction and charged particle identification was evaluated by comparing data and MC in control samples. The simulated production rate of K 0 L was verified by comparing data and MC momentum distributions for K 0 S in semileptonic decays, and the energy deposition of K 0 L in the calorimeter was varied by a generous amount (±50%) to assess the corresponding uncertainty. The uncertainty due to Bremsstrahlung in the detector was based on the method used in Ref. [18] . QED final state radiation was simulated using PHOTOS [19] ; comparisons with the analytical result of Ref. [20] were used to assess the systematic uncertainty. The uncertainty in the background was evaluated by varying the form factors and branching fractions of the b → ceν decays. An additional uncertainty of 12% was added to account for the variation in the extracted branching fraction when the cut on E e was varied from 1.8 GeV to 2.2 GeV. The modeling of signal decays is sensitive to the resonant structure at low mass. The exclusive branching fractions B(B → heν), where h = π, η, ρ, ω, η ′ , were varied coherently by ±30% to evaluate the uncertainty which proved to be negligeable. The sensitivity of the branching fraction to the parameters m SF b and a of the De Fazio-Neubert model [13] was evaluated using uncertainties based on fits [14] to the b → sγ spectrum [6] , leading to f u = 0.190 +0.048 −0.024 . 
RESULTS
Using 88 million Υ (4S) decays collected with the BABAR detector at the PEP-II e + e − storage ring, the charmless semileptonic branching fraction is determined using the method of Ref. [9] . The unfolded partial branching fraction is determined in the B rest frame for E e > 1.9 GeV and s max h (β = 0) < 3.5 GeV 2 /c 4 :
∆B(b → ueν) = (4.51 ± 0.42 ± 0.50 ± 0.66 ± 0.19) × 10 −4 (preliminary).
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